This paper estimates the impact of military recruitment during World War I on human capital accumulation in colonial Punjab. The empirical strategy exploits the exogenous increase in recruitment by the Indian Army during the war. Higher military recruitment is found to be associated with increased literacy at the district-religion level. The observed improvement in the human capital stock appears to be driven by the informal acquisition of literacy skills by serving soldiers.
I. Introduction
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war. The experience of serving in the army transformed both recruits and their communities. Most Indian soldiers were volunteers recruited from small rural villages and could not read or write before they joined the army. At least for a subset of soldiers, serving in a professional army could have provided opportunities to acquire new skills such as literacy. This paper uses variation in religion-specific regional recruitment rates to assess whether military service in colonial Punjab can explain changes in literacy after the First World War.
Identifying the labor market and educational returns to military service is a wellresearched topic for developed countries. The military is typically one of the largest employers so military recruitment policies could have important redistributive effects. In particular, voluntary military service in professional armed forces could offer educational opportunities to disadvantaged groups.
2 Army service requires most recruits to live in military units, possibly far away from home, which is a setting that could be particularly conducive to informal learning. Hence, recruits from poor backgrounds could benefit disproportionally from military service. In the context of the U.S. armed forces, evidence suggests that recruits from disadvantaged groups benefit mildly from voluntary service in terms of earnings (Angrist 1998) . Using evidence from conscription during the Vietnam War, Angrist and Chen (2011) find no effects of military service on earnings but positive effects on education, which they attribute to schooling benefits provided under the GI bill. However, very little evidence is available on how these findings translate to a developing country context. Nevertheless, the returns to military service in professional armies could be much higher in developing countries, as the average human capital in their populations tends to be lower. 3 Although the historical context of this paper is extraordinary in many ways, it is one of the first contributions to focus on voluntary and professional military service in a context of severe human capital underdevelopment.
Focusing on wartime recruitment in colonial Punjab allows this paper to address two important challenges in this literature. First, the confidentiality of military data restricts subnational work. Second, selection into voluntary military service is typically nonrandom, which could bias the estimated returns to military service. The setting of colonial Punjab is unique in that recruitment patterns can be reconstructed. Also, exogenous factors determined the extent to which communities were exposed to a demand shock for military labor.
The recruitment patterns of the Indian Army during World War I can be proxied by the distribution of war casualties. The historical context supports the use of these casualty numbers as proxies for army recruitment: The Indian Army sent representative units on foreign missions in order to minimize the risk of mutiny. This paper will use information on war casualties from the "Debt of Honour Register" by the Commonwealth War Graves Commission. 4 Individual records of Indian World War I casualties are aggregated to construct recruitment proxies at the district-religion level, so for Hindu-Sikh and Muslim communities in each Punjabi district. Census data allow me to construct a panel of literacy outcomes at the district-religion level for the period 1901-31.
The identification strategy used in this paper corresponds to a continuous differencein-difference approach: I compare male literacy rates in years before and after World War I between communities with different ratios of military war casualties. This approach relies on the fact that recruitment into the Indian Army was restricted to certain groups from specific geographical areas. Recruitment patterns during World War I were based on the recruitment grounds that had been identified at the end of the 19th century. British recruitment officers relied on racist theories and pseudo-science to select recruitment grounds (Bingley 1897 (Bingley , 1899 . Their criteria had no obvious link to the potential for literacy improvements during World War I Hence, the war exposed a predetermined set of communities to an enormous demand shock for military labor. Two important tests offer support for the exogeneity assumption. First, an analysis of the baseline characteristics shows that recruited communities did not enjoy significantly different prewar literacy rates. Second, a placebo test in which the impact of war casualties is estimated before the start of the war confirms that war casualties cannot account for different literacy trends before the war.
The main result of this paper is that an increase in war casualties is associated with a significant increase in the number of male literates at the district-religion level. On average, ten additional recruits per thousand of the 1911 male population are associated with an increase in the male literacy rate by 2.4 percent (proportional). At the sample mean (11 percent), this corresponds to an additional 2.6 literates per thousand in 1931.
Several robustness checks help to rule out alternative explanations. One concern is that increases in the literacy rate might be driven by a purely demographic effect, such as when the total population falls and the number of literates remains constant. However, the human capital gains hold for the number of literates as well. One also could be worried about recruitment based on determinants of literacy gains. I argue against such explanations by controlling for potential omitted variables (including district-level health outcomes and agricultural land revenues at baseline). I also present IV results for a restricted sample, in which I can instrument the observed recruitment patterns with an indicator of "recruitment suitability" (based on the assessments by British recruitment officers at the end of the 19th century).
To shed further light on the mechanism explaining these literacy gains, I can compare different age groups. The positive impact on literacy immediately after the war (in 1921) turns out to be strongest for the group of men aged over 20. For the age group of under-20-year-olds, the effects of recruitment are imprecisely estimated although the magnitudes are consistent with some (delayed) intergenerational spillovers in 1931. These findings are consistent with the hypothesis that direct skill acquisition through informal learning was a key channel through which military recruitment influenced literacy. The magnitude of the estimated effect in 1921 is consistent with the hypothesis that these immediate literacy gains were limited to veterans. Historical work confirms that illiterate Indian Army recruits often picked up literacy skills through informal learning (Mazumder 2003) . Most importantly, literacy skills offered soldiers the opportunity to communicate with family members. A large number of secondary results confirm this informal learning channel. However, there is no evidence of increased educational investment in recruitment grounds by the Punjabi District Boards. Also, the positive impact does not extend to women. Finally, the effect is limited to the vernacular languages, which is consistent with the organization of the Indian Army along language lines.
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Historians have long argued that serving in the Indian Army was a life-changing experience in many ways (Mazumder 2003) . Death, injury, and psychological trauma were undoubtedly a part of this experience. The human capital effects of military service were multidimensional: War trauma, for example, might make entering the civilian labor force harder for recruits. This paper cannot provide a full cost-benefit analysis that takes all these impacts into account. Nevertheless, it is among the first papers to confirm the long-standing hypothesis that military service can boost certain human capital indicators in a context of severe underinvestment in education.
The remainder of this paper is organized as follows. First, I discuss the related literature. Second, I describe the historical context and I discuss the mechanisms through which military service could promote literacy. Third, I introduce the data set. Fourth, I present the empirical strategy. Fifth, I interpret the results. Then, I discuss the robustness of my findings. Finally, I offer concluding remarks.
II. Literature
This paper adds to three main strands of work. First, this paper contributes to previous work on the economic impacts of military recruitment. This body of work has generally found small or negative economic impacts of conscription or of voluntary military service.
5 However, my paper is one of the first contributions to provide evidence on the relationship between military recruitment and human capital formation in the context of a developing economy and a professional army. Annan and Blattman (2010) examine the labor market impact of forced child soldiering in Uganda. They conclude that military service is a poor substitute for schooling. 6 However, it is not obvious that these results would carry through to the volunteer forces of professional armies. In a context that is closer to the one I study (the American Civil War), Costa and Kahn (2008) argue that black Union soldiers who served in more diverse companies experienced improved writing ability.
7 Jha and Wilkinson (2012) share my focus on human capital accumulation in the Indian Army. Their analysis indicates that the combat experience of Indian World War II veterans helped these ex-soldiers to organize violence during the 1947 Partition. 8 5. Work on the individual returns to military service includes Angrist (1990) , Angrist and Krueger (1994) , Bedard and Deschenes (2006) , Berger and Hirsch (1983) , Grenet, Hart and Roberts (2011) . Angrist and Chen (2011), Bound and Turner (2002) , and Card and Lemieux (2001) study the effects of the U.S. draft on educational outcomes. Based on cross-country evidence, Benoit (1978) argues that defense expenditures spur economic growth. Dunne, Smith, and Willenbockel (2006) survey the more recent macro literature on military expenditures. Stroup and Heckelman (2001) find a positive relationship between military spending and growth in countries with low levels human capital. 6. These findings are consistent with survey evidence from the Sierra Leonean civil war (Humphrey and Weinstein 2007) . Blattman and Miguel (2010) review the literature on the role of veterans in postwar reconstruction and on the economic impact of civil war. Costa and Kahn (2003 find that U.S. civil war veterans faced higher mortality due to wartime stress. They also analyze the patterns of desertion, and group loyalty. 7. While these results are consistent with the findings of my paper, these authors do not focus on the effect of military service. They identify the impact of company diversity. Lee (2012) finds that unskilled Union veterans in the Civil War experienced positive occupational mobility in comparison to unskilled nonveterans. 8. Grossman et al. (2013) find that combat experience in the Israeli Army tended to promote the support of hard-line approaches in the Israeli-Palestinian conflict.
My paper complements their study and suggests that the impact of military service also could have more benign aspects: improving the literacy skills of recruits and their families.
Second, this paper relates to the large literature on literacy and education. While public education reaches an ever-growing number of students in the developing world, educational attainment remains low. 9 In the context of the Indian Army, military service could have boosted literacy by increasing the personal returns to acquiring these skills. While the experience of the Indian Colonial Army during World War I was extraordinary, these results are consistent with recent work that highlights how informal learning environments can improve educational outcomes, in particular for adult learners (Aker et al. 2011). 10 Finally, this paper contributes to the fast growing body of research on the economic effects of colonial institutions. In their critique of Acemoglu et al. (2001) , Glaeser et al. (2004) emphasize that colonizers exported human capital alongside institutions. These authors point out that there is very little evidence on which specific colonial policies promoted institutional development or human capital accumulation. Bridging this gap in our understanding of colonial economic history, a large literature has recently emerged on the economic impact of specific colonial institutions.
11 Chaudhary (2009 Chaudhary ( , 2010 shares my focus on human capital accumulation in colonial India. She finds that public spending on primary education is positively associated with male literacy. This paper complements her findings by exploring if military service could promote human capital development in this context of severe underinvestment in education. The promotion of literacy skills in the context of the Indian Army also bears resemblance to interactions in India's industrial sector. In this context, Clingingsmith (2014) argues that the industrialization wave of the first half of the 20th century promoted bilingualism in India. More broadly, it is striking that, in the large literature on colonial institutions, the role of colonial armies has received little attention.
12 Nevertheless, one could argue that no other colonial institution required as much close collaboration between local nonelite groups and their colonizers. This paper is one of the first to offer insights on the developmental effects of colonial army service. Glewwe and Kremer (2006) , and Duflo, Dupas, and Kremer (2009) . 10. They evaluate a program that teaches adults to read and write by using mobile phones. 11. See, for example, Acemoglu, Johnson, and Robinson (2001) , Banerjee and Iyer (2003) , Cassan (2015) , Dell (2010) , Donaldson (2009 ), Huillery (2009 12. Moradi (2008 Moradi ( , 2009 ) uses data on recruits in the African colonial armies to assess the impact of colonization on nutritional status but he does not assess the impact of military recruitment in itself. Fafchamps and Moradi (2014) find that soldiers entering the British Army in Ghana based on referrals performed worse than nonreferred colleagues. Echenberg (1975) 
III. Context and Conceptual Framework

B. Recruitment Practices
History of recruitment
While the Indian Army relied solely on volunteers, its recruitment practices were guided by severe constraints on which groups and which regions were deemed fit for recruitment. The recruitment patterns of the Indian Army were remarkably persistent, and recruitment policies in place during the First World War had been established in the second half of the 19th century. The 1857 Sepoy mutiny had justified a shift in the recruitment patterns away from high-caste Hindus from present-day UP, who had constituted the core of the premutiny army. The supposedly superior fighting skills of the "martial races," who were predominantly living in northwest India, were deemed to be crucial for the Indian Army to withstand a Russian invasion of India. Recruitment handbooks, commissioned by the Quartermaster-General, provided religion-specific assessments of the "partialness" of the population at the district or even village level. 14 This approach led to stark differences in recruitment at the district-religion level, consistent with British demand side constraints being the most important source of variation. Recruitment practices in the late 19th century onward helped to entrench the existing composition of the army. Firstly, the army relied on the networks of serving soldiers to identify good recruits in their home villages through so-called "direct enlistments." Secondly, the alternative recruitment channel, so-called "class recruitment" meant that existing regiments sent out recruitment parties to particular villages (Leigh 1922, p. 33) . The efforts of the recruitment parties would be focused on those villages that had been identified as fruitful recruitment grounds in the handbooks (Sikhs, Dogra Hindus, Jat Hindus, and Muslims). The result of these recruitment policies was that recruitment patterns did not change substantially during the First World War, although some efforts were made toward the end of the war to broaden recruitment (Cohen 1971) . Still, the main effect of increased military recruitment during World War I was an enormous demand shock for military labor in those groups that had already been identified as suitable military recruitment grounds (Cohen 1971, p. 69; Leigh 1922, p. 33) , and the data used in this paper will support predetermined recruitment patterns, (See Section V.B.1).
Selection criteria
The selection criteria used in the recruitment handbooks were multiple. Recruitment efforts were entirely focused on rural peasants (Mazumder 2003, p. 93) . As 90 percent of the Punjabi population was rural (Census Report 1911) and 60 percent listed agriculture as its main occupation, this preference did not constrain recruitment. At the group level, 13. Figures drawn from Mazumder (2003, p. 18 ) and the CWGC Debt of Honour Register. 14. Falcon (1892) , Bingley (1897 Bingley ( , 1899 , Bourne (1914) and Wikeley (1915) .
"good physique" was a clear priority and was preferably obtained through agricultural labor, groups had to be obedient, they had to take "pride" in their caste, and they needed to refrain from "thieving" and "quarreling" and be free from "intrigues" (Bingley, 1897 (Bingley, , 1899 Bourne 1914; Wikeley 1915) . In general, communities with a richer war history also were favored, possibly because this was one of the few sources of objective information to which the recruitment handbooks could refer. Importantly, intellectual ability, and literacy status were not among the selection criteria. 15 For example, praising the fighting skills of Jat Sikhs, Falcon writes (1892, p. 107):
Hardy, brave and of intelligence too slow to understand when he is beaten, obedient to discipline, devotedly attached to his officers [.] , he is unsurpassed as a soldier in the East Whereas recruitment was organized per religion (or the smaller "classes"), regional characteristics were deemed to be very important:
From a recruiting perspective, Jats vary considerably according to the locality in which they are found. While in one district they are worthless as soldiers, in another district they are well worthy of consideration (Wikeley 1915, p. 5) Many relevant appear to be based on anecdotal insights or pseudo-anthropology:
The cultivation of sugar cane to any great extent seems to me to give a softer character to the cultivator (Falcon 1892, p. 83) It is striking that certain recruitment criteria are apparent contradictions. For example, harder agricultural conditions are thought to make farmers less lazy but their physique could suffer at the same time (Bingley 1987, p. 67-68) . Taking pride in caste is sometimes seen as a positive characteristic but in the context of Jat Sikhs, Bingley (1899, p.82) mentions that less rigorous caste restrictions make them more suitable for service. Similarly, a history of war is often deemed to be positive, but certain tribes are dismissed for being "quarrelsome" (Bourne 1914, p. 90) . Leigh (1922) explicitly writes that the recruitment patterns lacked objectivity:
There was also considerable exclusiveness on the part of the army; certain tribes capable of providing excellent material were barred by reason of some real of fancied social objection. (Leigh 1922, p. 33) Selection at the community level and at the individual level were different. Individual candidates from classes and regions that were deemed fit for recruitment still had to meet certain physical standards. 16 However, eligibility at the higher level (per class and region) was a necessary condition: Recruitment parties went through thorough verification of the caste and origin of recruits (and were personally held responsible if they turned out to be wrong), to prevent candidates from misrepresenting their recruitment class (Wikeley 1915, p.126) . Because of the reliance of the Indian Army on religion-specific recruitment, 15. Mazumder (2003, p. 38) : "Recruits were enlisted when they were in their midteens and had little knowledge of anything outside restricted village life. More often than not, they were illiterate." 16. Minimum height, chest size, and no varicosity, lock-knees, or flat feet (Wikeley1915, p. 127) it is natural to estimate the aggregate returns to military service at the level of religious communities in each district.
C. Mechanisms
Average male literacy was only around seven percent in colonial Punjab, and it was even lower in agricultural villages (Bourne 1914, p. 25) . Given the recruitment practices of the Indian Army, it is unsurprising that most recruits were illiterate (Mazumder 2003, p. 38; Corrigan 1999, p. 11; Bingley 1897, p. 71; Bingley 1899, p. 91 ). In such a context of severe human capital deficiency, we might expect the impact of professional military service to be most pronounced. A priori, there are multiple channels through which military recruitment could affect literacy outcomes at the district-religion level. Three of these mechanisms have been highlighted by the historical literature: (1) direct skill acquisition by serving soldiers, (2) increased demand for education due to higher earnings, or (3) preferential public spending on primary education.
First, soldiers could acquire literacy skills on service. Formal literacy courses were not part of the training that the large numbers of new World War I recruits received. However, historical accounts highlight the strength of the personal relationships between British officers (who would typically be able to speak and write in the local language of the regiment), Indian junior officers, and the soldiers under their command. They point out that skills were often transferred informally during the many hours that soldiers had "to kill" in their small companies. Such a direct learning channel appears to be referred to by the census report of 1931. It explicitly states that certain districts "also owe the increase in literacy to the return home of demobilized soldiers, who very often pick up reading and writing in Roman or any other of the vernaculars in the course of their military career" (Khan 1932, p. 216) . Similar statements can be found in the reports of the Censor of letters from soldiers serving abroad (Censor of Indian Mail 1915):
Under stress of necessity many Indian soldiers during their stay in Europe have learned to read and write their own languages, and primers and spelling books come in large quantities from India to the army.
The latter quote suggests that the main channel through which soldiers acquired literacy was not formal training but the boost in the returns to becoming literate. In other sections, the Censor Reports mention several contributing factors. First, the Indian Army maintained a postal service. Hence, literacy skills facilitated the communication between soldiers and their families substantially and this could be an important incentive to learn how to read and write. Interestingly, the communication channel could create spillovers to the home community. Given that my study identifies an impact on aggregate literacy, I cannot distinguish between the impact on serving soldiers and the spillovers to their families who remained in India. The Censor of Indian Mail (1915) also gives many examples of letters between soldiers to share information about the course of the war. An additional incentive to acquire literacy skills was the uneventful nature of military life outside of the battlefield and the strong demand for leisure activities. In response to this demand, the Indian Army brought soldiers news from India and from the front line. Similarly, charity organizations provided soldiers with a steady supply of religious literature (Corrigan 1999, p.201) . Finally, the prospect of promotion to noncommissioned officer roles was important as a general motivation for soldiers (Corrigan 1999, p. 19, p.21) . These aspirations could have served as an additional incentive to gain literacy skills, although it is not clear from the consulted sources whether literacy was a requirement for all ranks above the soldier level. Rather than formal promotion, literacy skills also may have enabled soldiers to become readers and writers for their peers, which might have lifted their status or delivered material benefits. In brief, the military could provide a unique environment, in which the costs of acquiring literacy skills were reduced and the returns to those skills were boosted.
A second channel through which military recruitment could affect literacy is through an income effect. The inflow of military income could have fueled a demand shock for education. The recruited communities were most likely to be affected by the remittances of soldiers and by pensions for ex-soldiers. Mazumder (2003, p. 42) notes that "[t]he education of children was another investment soldiers willingly made." The income effect could have been boosted further by preference changes that were induced by military service. Whereas demand for education (as a normal good) should increase in response to an inflow of income, the loss of male labor forces in the home communities due to the mobilization of men for military service can counteract this effect. In the presence of credit and labor market imperfections, the opportunity cost of sending children to school may increase substantially if households have less labor available to work on their land. Hence, the opportunity cost effect could outweigh the income effect and the impact of large-scale military recruitment on the demand for education remains theoretically ambiguous.
A third channel through which military recruitment may influence literacy is the supply of education. The Indian Army could have pushed the District Boards, responsible for public education, to invest more in the recruitment grounds, both as an indirect remuneration of its soldiers and as a way to boost the skills of its future recruits. However, the Government of India faced an important tradeoff from a recruitment perspective if it were to invest in educating its recruitment grounds: promoting schooling might raise the reservation wage of future recruits (Pasha 1998) . Moreover, the Indian Army only could exert indirect influence over education spending. The responsibility for investments in primary education lay with the District Boards. Chaudhary (2010) reports that the District Boards accounted for 18 percent of total spending on education, 85 percent of total primary education spending, and 93 percent of public spending on education in Punjab in 1912-13. Her evidence suggests that revenues from land taxes were the main determinant of public spending on education. Hence, increasing public spending on education could come at the cost of higher taxation. An important caveat is that supply and demand factors could interact in reality: Lack of public investment in education might suppress an income effect.
As is clear from this section, the (relative) importance of these channels is not clear. In an attempt to distinguish between these mechanisms, the empirical analysis relies on four approaches. First, I repeat the main analysis for different age groups. If demobilized soldiers are driving the results, the effects should be strongest for men of military age and they should be visible immediately after the war. Second, I analyze investment data on education. Assuming that these reflect the independent decisions of the local authorities of how much to fund education in a given district, higher investment in recruited districts could reflect a supply shock. If investment does not change, then a demand-driven change Eynde 1011 is more likely. Finally, I report impacts of recruitment on female literacy. If female literacy benefits from military recruitment, this suggests spillovers are important.
IV. Data
In my main analysis, I use military war casualties as proxies for military recruitment. I collect data on the district of origin from a list of soldiers who died during World War I, the "Debt of Honour Register." This register is administered by the Common Wealth War Graves Commission (CWGC) and has the names of 74,260 Indian military personnel who died in World War I. For virtually all soldiers, the name, the rank, the regiment and the date of death are provided. For 68 percent of entries, the name of the father and the district of birth have been recorded. 17 I was able to match 19,074 individuals to a district in Punjab.
18 Based on the information in the register, I also use the names of soldiers to assign them to two religious groups: Hindu-Sikh or Muslim.
19 These individual records subsequently are aggregated at the district-religion level for the main analysis, as this is the lowest level at which I can measure literacy outcomes in the census. To mitigate concerns regarding selective mortality, I use the 17,006 Punjabi deaths among the purely military regiments.
20
The use of war casualties as a proxy for recruitment patterns raises concerns about selective mortality, but direct recruitment estimates at the district level do exist. Leigh (1922, p. 61-62 ) estimated district-level recruitment based on local sources (the District War Histories) shortly after the war. Figure 1 shows the correlation between Leigh's recruitment estimates and the casualty-based proxy at the district level. The recruitment patterns are very similar, and the correlation coefficient is 0.94. While Leigh's measure has the advantage of being directly based on recruitment, it has considerable drawbacks as well. First, it does not split up recruitment by religion, whereas the geographical recruitment patterns were highly religion-specific and literacy outcomes can be measured per religious group. Second, Leigh's recruitment numbers do not distinguish 17. This information should have been recorded on the individual service records of all soldiers. According to CWGC, the missing information is most likely due to poor performance on the part of clerks who recorded the information of new recruits. These differences in the punctuality of individual recruitment clerks are unlikely to produce systematic errors. The loss of service records and the ease with which the Indian administrators who prepared the information for the CWGC could access them is another potential cause of missing records. These hypotheses were put forward by Peter Holton, Records Supervisor at the CWGC. 18. I focus on Punjab for three reasons. First, the identification strategy will rely on the fact that recruitment patterns were predetermined and based on the martial races theory, which was specific to Punjab. Second, Punjab experienced a combination of very lightly and very heavily recruited districts. The latter were so important that it is plausible that literacy effects can be observed at the level of aggregate census outcomes. Other Indian states saw less concentrated recruitment, and it is a priori unclear whether the empirical strategy would work. Third, by focusing on one state, the analysis implicitly holds a wide range of unobserved policy variables constant. As a result, the analysis is more likely to uncover the causal mechanism. 19. The algorithm relies on the recognition of Muslim names (such as Khan and Abdullah) or Hindu-Sikh Names (such as Singh and Ram) in either the name of the father or the name of the casualty. Common names for Hindus and Sikhs prevent a further splitup. 20. The Indian army did not just employ soldiers but hired personnel in a multitude of roles. Approximately 10 percent of the Punjab casualties were employed as laborers or as part of the transport corps. My estimates only include purely military regiments, as the recruitment practices in noncombatant regiments were not subject to the same principles. between combatant and noncombatant roles, whereas the martial races theory applies to soldier roles only. Third, Leigh's estimates of the "number of males of military age" suggest that temporary residents or seasonal workers were not counted in their home districts, in contrast to the casualty data. 21 Fourth, Leigh himself admits that "[his numbers] cannot claim to be quite exact," because of double-counting and failure to correct for recruits who were quickly found to be unsuitable (Leigh 1922, p.33) . In spite of these caveats, the strong correlation between direct recruitment estimates and the casualty proxies suggests that the risk of death was proportional to recruitment. In the paper, I will use the casualty based proxy for the main results at the district-religion level (and Section V discusses remaining endogeneity concerns), but all district level results are robust to using Leigh's recruitment statistics (Table 5) .
Literacy and population details for each of the three religious groups are collected at the district level in Punjab for the four census years (1901, 1911, 1921, and 1931) . Twenty-eight districts provide literacy data for the three most recent census years. Nominal expenditures on education by the District Boards also are collected for each of the census years at the district level.
22 While the census data are very rich, they still give 
Figure 1 Recruitment and Casualty Shares at the District Level
Notes: Observations are for 28 districts. Casualty shares are expressed per 100 of the 1911 male population, and recruitment shares as a fraction of the eligible male population according to Leigh (1922 rise to certain measurement concerns. First, the definition of literacy changed over the sample period. In the 1901 census, literates were expected to be able to "both read and write" in any language (Kaul 1912, p316) . In practice, it was often sufficient for respondents to be able to spell out words from a book or to be able to sign with one's name to be recorded as "literate" (Kaul 1912) . From 1911 onward, the definition became stricter: "(a) person should not be entered as literate unless he can write a letter to a friend and read the answer to it." While this change in definition makes the literacy numbers not directly comparable, the inclusion of year-effects in my econometric specification can account for the effect of this administrative change that was common to all units of observation. While differences in enumerator practices are unlikely to give rise to systematic measurement error, I choose not to include 1901 in the sample for the main results (although I use the 1901 data to estimate pretreatment effects). 23 A second Table 1 presents summary statistics for all the key variables at the district-religion level. As my analysis relies on the comparison of communities that were recruited with varying intensity, I provide separate summary statistics for "heavily" and "lightly recruited" districts (based on whether the ratio of war casualties is above the sample mean). The share of casualties in the 1911 population is approximately one per 1,000 at the sample mean. While recruited communities tend to be less literate on average, this difference is not significant. However, the increase in the male literacy rate (1911-31) is significantly higher for the heavily recruited communities.
25 This is the first piece of evidence in favor of the hypothesis that military service promoted literacy. The main results will exclude the Princely States, which were not directly ruled by the British authorities, as military recruitment followed a different logic in these regions.
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In Table 2 , summary statistics are provided at the district level. Most of the differences in baseline variables fail to gain significance. One exception is the colony status of districts. These districts were recipients of extensive irrigation projects. The newly available agriculture land in these districts explains why they tended to have a larger share of the population born outside of district of enumeration. The potentially confounding effect of colony status and migration is dealt with explicitly in the robustness checks: The relevant coefficients remain significant in specifications for which this baseline difference is controlled. (See Table 6 ).
V. Empirical Strategy
A. Main Specification
To account explicitly for the possibility that the recruited communities enjoyed different time-invariant characteristics, the main identification strategy is based on the comparison of literacy rates in years before and after the war, for heavily and lightly recruited communities. This approach could be interpreted as a continuous differencein-difference analysis. The corresponding econometric specification is:
Log(lit r‚d‚t ) is the logarithm of the male literacy rate of religion r in district d in year t (1911, 1921, 1931) . b 21 and b 31 are the key parameters of interest. They measure the impact of the intensity of military recruitment, as proxied by the casualty rate, on 24. The appendix is available on: https://uwpress.wisc.edu/journals/pdfs/JHRv51n04_article07_Vanden Eynde_Appendix.pdf. 25. I focus on the male population because this group is most directly affected by military recruitment and educational policies. Female literacy in Punjab was only around 1 percent on average in 1911. Section VII discusses female literacy in more detail. 26. Corrigan (1999, p. 23) . Including the princely states could give rise to comparability concerns (Iyer 2006) . Princely states differed from British districts in terms of their average size, and certain religious communities in Princely states were extremely small. subsequent literacy rates. u r‚t and h r‚d are respectively religion-year and districtreligion fixed effects.
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In Log(lit r‚d‚t ), the use of the literacy rate raises the concern that effects could be driven by the denominator (the total male population) instead of the numerator (the total number of literates). To account for this possibility, the main specification is repeated with the logarithm of the size of the male population as the dependent variable. One of the advantages of focusing on the logarithm of the literacy rate is the easy decomposition in effects on literates and the population size. The logarithmic specification also accounts for differences in the level of the dependent variable across communities because it ensures the proportionality of all estimated effects. On theoretical grounds, one can expect the process that is driving the creation of more literates to be multiplicative to the existing stock of literates. 28 The impact of military recruitment is captured by the coefficients on the number of war deaths per 100 of the 1911 male population for a religious group, Cas r‚d‚11 . The estimation of two separate coefficients allows me to interpret the timing of the effect. The religion-time fixed effects u r‚t account for factors that affect the literacy of all communities of the same religion in Punjab. The inclusion of religion-year effects (rather than just year-effects) can be justified because Muslim communities were characterized by larger proportional increases in literacy rates than Hindu-Sikh communities during the period under study. The distinctive literacy characteristics of different religious groups are well-documented in the census reports (Marten 1921; Khan 1932 ). The fixed effects h r‚d account for unobservable determinants of literacy that remain constant over time at the districtreligion level.
B. Endogeneity
For the above main specification to yield causal estimates of the treatment effects, I rely on three assumptions: (1) The recruitment patterns of the Indian army did not change over the course of World War I; (2) the initial selection of recruitment grounds was unrelated to the potential for literacy improvements between 1921 and 1931; (3) the measurement error induced by using war casualties as a proxy for recruitment is nonsystematic and small.
Predetermined recruitment patterns
It was argued in the historical background that wartime recruitment mainly led to a demand shock for military labor in existing recruitment grounds. At the district level, this assumption can be tested explicitly with Leigh's recruitment statistics (Leigh 1922, p. 61-62) , compiled based on local sources in the districts (the District War 27. As recruitment patterns are proxied at the district-religion level and casualty rates also vary at this level, a district-religion is the natural unit of observation in this context. In the main tables, I use standard errors adjusted for clusters at the district-religion level but using district level clusters instead does not affect the significance of the main results (Appendix A.3.2). 28. The findings are robust to alternative functional specifications of the dependent variable, including the use of literacy rates as level, a log-odds specification (which ensures full support of the dependent variable) and the logarithm of the number of male literates. Histories). The correlation between the share of the eligible population that served during the war and the share that was recruited before the war is 0.93 and presented in Figure 2 .
To support the hypothesis of entrenched recruitment patterns at the district-religion level (my main unit of analysis), Figure 3 plots war deaths before and after 1916 for each district-religion. As a result of the gradual build-up of the Indian Army, casualty numbers at the start of the war are likely to reflect preexisting recruitment patterns. The linear pattern in Figure 3 supports the hypothesis that recruitment patterns at the district-religion level remained stable over the course of the war. 
The common trends assumption
The second assumption paraphrases the common trend assumption: if they had not been heavily recruited during the war, then the heavily recruited district-religions should have experienced the same literacy growth as lightly recruited district-religions. This assumption is relatively weak and does not require the process that drives recruitment at the community level to be random, although it should be unrelated to literacy improvements over the 1911-31 period. The selection of recruitment grounds, the willingness of the population to enlist, and the average suitability of individual candidates may be related to unobservable district-religion characteristics. 30 However, there is no historical evidence that the British targeted communities that had a higher potential for literacy improvements over the period 1911-31. The historical sources discussed in Section III point to a multitude of selection criteria that were highly subjective. Given the persistence of recruitment patters, the surge during the war can be considered as an exogenous labor demand shock to this subset of district-religions that had been selected well before the start of the war.
My analysis provides support for the common trend assumption in four ways. Table 1  and Table 2 fail to find significant differences between heavily and lightly recruited communities/districts for the most relevant district and district-religion level characteristics: baseline literacy, education expenditures, and land revenues. Second, as a robustness check of the main results, I confirm that the results are robust to including time-effects of these baseline controls. baseline district-level mortality and per capita land revenues.) The consistency of estimates to the inclusion of observable control variables implies that the relative impact of unobservable characteristics needs to be very large to overturn the main results (following the argument of Altonji, Elder, and Taber 2005) . Third, I provide more direct evidence of the validity of the common trend assumption by the (placebo) estimation of a "pretreatment" effect that relies on observations between 1901 and 1911. Recruitment grounds were established before 1901, so initial selection on determinants of literacy improvement should generate a pretreatment effect. Fourth, I use an IV approach based on the classification of district-religions by recruitment officers. The variation used in the IV estimates should be predetermined and capture the constraints on the demand for military labor at the district level more than the quality of individual recruits and their willingness to enlist. As the latter factors are more likely to lead to violations of the exclusion restriction, the consistency of the IV estimates supports the empirical approach. Based on these arguments, I rely on a standard continuous differencein-difference specification for my main results.
War casualties as recruitment proxies
The third identifying assumption is that the error resulting from my proxy approach is orthogonal to the regressors. At the district level, this assumption could be tested directly with Leigh's data (as shown in Figure 1 ). While suggestive, the evidence of proportional mortality at the district level does not guarantee that casualty rates are proportional at the district-religion level. Unfortunately, Leigh does not provide recruitment estimates by district-religion. Still, a general proportionality of war casualties to recruitment is consistent with the strategic calculus of the Indian Army. Its leadership had an interest in sending representative units (including multiple battalions with a different composition) on its foreign missions (Jha and Wilkinson 2012) . After the Sepoy mutiny, the Indian army made regiments sufficiently heterogeneous to limit the risk of mutiny. Hence, regiments would typically recruit from different districts and religions. Figure 3 already provided implicit support for the proportionality of war casualties to the underlying recruitment patterns at the district-religion level: Casualty patterns before and after 1916 look remarkably similar. In further support of my proxy approach, I report the correlation between the casualty rates at the district-religion level for different types of casualties:
Casualties buried in Western Europe and outside of Western Europe (correlation: 0.92) Casualties in regiments with high and low overall mortality (correlation: 0.82) Casualties in soldier and higher ranks (correlation: 0.97)
The casualty patterns are remarkably similar for these different groups. The strong correlation between regiments with different overall mortality profiles suggests that Indian army did not try to deploy specific district-religions in more casualty-prone battles. Moreover, the pattern of casualties in different ranks is very similar. Indian soldiers had limited promotion opportunities, as they could only rise to junior officer ranks (Corrigan 1999) . Therefore, literate soldiers (who could have served in higher ranks) should not have faced dramatically different hazards in battle than illiterate soldiers. For all the reasons put forward in this section, I rely on a proxy approach in the main results. However, to mitigate any remaining concerns related to measurement error, I present IV results that use the assessments of British officers as an instrument for the observed World War I casualty rate. I also check the robustness of the main findings to using recruitment statistics instead of casualty rates at the district level. (See Table 5 .)
External validity
While the empirical approach addresses the key endogeneity concerns, it is harder to make firm statements about the external validity of the effects. At the individual level, the voluntary nature of military service implies that recruits were not representative of their communities: They are likely to have been physically stronger than other group members. Such heterogeneity has implications for the external validity of the results, which could be very different in a context of conscription. Similarly, (unobserved) heterogeneity between recruited groups may have implications for external validity, even if the common trends assumption holds.
VI. Results
The results from the baseline specification can be found in Table 3 . An increase in the casualty rate by 0.1 per 100 of the male population is associated with an increase in the literacy rate by 4.7 percent (proportional). This implies that for 1 additional recruit per 100 of the male population, the literacy rate increases by 2.4 percent in 1931.
31 Evaluated at the sample mean, this corresponds to an increase of 2.6 additional literate males per 1,000 of the male population. The further increase in the literacy rate in 1931 is consistent with the fact that complete demobilization was only reached after 1921. The estimated returns to military service are large in economic terms. Given that the public education system struggled to improve adult literacy (Chaudhary 2010) , the positive effects of military service are particularly striking.
Table 3 also confirms that military recruitment did not have an impact on the size of the population, which addresses the concern that the observed effects on literacy rate are driven by changes in the denominator. Moreover, given that the impact on the size of the population is positive, it is clear that the effect of war casualties on the number of literates is positive as well (because of the log specification, the total effects are given by the sum of the coefficients Columns 1 and 4, 2 and 5, and 3 and 6, and these retain their significance for the relevant coefficients). As a result, higher mortality of illiterates in more heavily recruited districts cannot account for the main findings. Table 3 also provides the first piece of evidence on the mechanism. In Columns 2 and 3, the baseline regression is run for two age groups separately: over-20-year-old males 31. I assume an equal probability of dying and divide the number of Punjabi men recruited (app. 360,000) by the number of Punjabi war deaths (app. 19,000) to obtain an estimate of the number of recruited soldiers corresponding to one war death (18.94).
and under-20-year-old males.
32 While military war deaths are not associated with significant literacy improvements for the under-20-year-olds (Column 3), the over-20-year-olds in recruited communities improved their literacy significantly relative to other communities (Column 2). The difference between these two effects in 1921 is significant at the 1 percent level (Columns 2 and 3) but becomes insignificant in 1931. The fact that over-20-year-olds are driving the short run impact supports the hypothesis that direct skill acquisition is a key mechanism through which military recruitment improved literacy. If the improvements in literacy are driven by the return of demobilized soldiers to their home communities, then we should only expect literacy to improve for men above military age and the impact should be visible immediately after the war (in 1921). If communities experienced higher literacy in response to the inflow of military salaries, one would expect to see an effect that is stronger for (if not limited to) under-20-yearolds, as this group has the lowest opportunity cost of acquiring literacy skills through education. The fact that under-and over-20-year-olds do not experience significantly different literacy gains in 1931 is consistent with the presence of mild spillovers, although the effect is not sufficiently strong (or precise) to make the impact on under-20-yearolds significant.
The key identification assumption underlying these results is that war casualties are un-related to the counterfactual literacy growth in the absence of war recruitment. As discussed in detail in the endogeneity section, this assumption is weaker than randomness in recruitment or casualty patterns, and can be supported by looking at literacy trends before the war. Table 4 restricts the sample to allow for the estimation of a . Casualty rates are expressed per 100 of the 1911 male population. All regressions include district-religion fixed effects and religion-year effects. Standard errors are clustered at the districtreligion level. *** p < 0.01, ** p < 0.05, * p < 0.1.
32. One caveat on this analysis is that a proportion of respondents would typically not know their age (Chaudhary 2010) . Literacy for over-30-year-olds is not reported by the census, which prevents a cohort-level analysis. In the appendix (A.3.5), I discuss an approach to estimate (approximated) cohort-specific literacy gains.
"pretreatment effect." The pretreatment effect on the male literacy rate is estimated to be insignificant and close to zero, which supports the common trends assumption.
A. Robustness
District-level results
In Table 5 , the main regression is presented at the district level. These results line up very well with the district-religion level results, in spite of important differences in the recruitment of different religious groups within the same district. The districtlevel analysis allows for two important robustness checks. First, I can test whether the main results go through for Leigh's recruitment estimates at the district level. These results (in even columns) are very similar to the main results based on casualty patterns, and indicate that selective war mortality is not driving the main results. Second, the district level allows me to control explicitly for confounding factors in Table 6 . I include both time effects for baseline controls and additional contemporaneous controls. The set of controls includes a wide range of potential confounding factors: canal colony status, per-capita land revenues at baseline, the share of the agricultural population, contemporaneous migration, and mortality at baseline. (The last measure is only available in a smaller sample of 21 districts.) Therefore, it appears unlikely that the observed effects of war recruitment are driven by unobserved characteristics at the district-level. . All regressions include district-religion fixed effects, religion-year effects, and colonyyear effects. Rawalpindi and Attock are omitted from this analysis because of substantial border changes. Standard errors are clustered at the district-religion level. *** p < 0.01, ** p < 0.05, * p < 0.1.
An IV approach
A remaining concern in the analysis presented so far is the possibility that shocks between 1911 and 1921 explain both wartime recruitment and literacy outcomes. As argued earlier, the recruitment patterns of the Indian Army are surprisingly consistent over the war period, but I cannot track recruitment between 1911 and 1914. Also, the validity of using war casualties as recruitment proxies could not be confirmed at the district-religion level. The IVapproach tries to address these two concerns. It also has the advantage of focusing on the demand-side constraints that underlie recruitment patterns. In particular, I use the classifications of British recruitment officers as a fully predetermined predictor of wartime recruitment. My key source of information is a set of publications by Captain A. H. Bingley (who published detailed handbooks for the recruitment of Sikhs in 1899 and Dogra Hindus in 1897), Lieutenant Colonel J.M. Wikeley (who published on Muslims in Western Punjab in 1915), and Colonel W.F. Bourne (who published a similar handbook for Muslim recruitment in Eastern Punjab in 1914). 33 Based on their classifications, I construct an indicator variable to measure "recruitment suitability." For recruitment suitability to be a valid instrument, it needs to Notes: Observations are at the district level for three census years . Casualty rates are expressed per 100 of the male population, and recruitment rates as a share of the total eligible male population. District fixed effects and colony-year effects are included in all columns. See Table 2 for summary statistics. Standard errors are clustered at the district level. *** p < 0.01, ** p < 0.05, * p < 0.1 33. Even columns include year-effects for the seven districts with canal colonies, which experienced high immigration between 1901 and 1911 (Agnihotri 1996) .
Table 6
District Level Controls Log(male literacy rate)
All Ages
Over 20
Under 20
(8) . Baseline controls-year-effects include year effects of the 1911 value of proportion of the Sikhs in the male population, the proportion of Muslims, population density, primary education expenditures per capita, primary school students per capita, the fraction of the male population born in the district of enumeration, the agricultural employment share, and per capita land revenues. Columns 2, 5, and 8 include contemporaneous values of the logarithm of the district area, the logarithm of the size of the relevant age population, and the fraction of the population born in the district. Columns 3, 6, and 9 are estimated for a smaller sample of 21 districts that provide mortality data. District fixed effects and colony-year effects are included in all columns. Standard errors are clustered at the district level. *** p < 0.01, ** p < 0.05, * p < 0.1.
be correlated with the proxy for military recruitment and it cannot influence the observed literacy pattern through any other channel than through military recruitment as proxied by war deaths. As discussed in Section II (p. 11), the selection criteria used to mark communities as good recruitment grounds included subjective assessments of physique, being used to hard agricultural labor, a history of warfare, caste pride, obedience, not being "quarrelsome." Because these assessments were made before the start of the First World War, the dif-in-dif-IVestimates will not be driven by short-run shocks to literacy. The information provided by the recruitment handbooks differs for each religion/ caste. For Sikhs, Bingley reports a ranking of tahsils (subdistricts) based on their suitability for military recruitment. For Dogra recruits, information is available on which tahsils make the "best" recruitment grounds. For Muslims, Bourne and Wikeley explicitly mention certain tahsils as being good recruitment grounds for particular groups. I construct a recruitment suitability measure at the district-religion level that equals the share of tahsils within each district that are classified as good recruitment grounds for that religious group. For a Hindu community in a given district I look at the share of tahsils in the district that are (1) listed as "the best" Dogra recruitment grounds, or (2) listed as having "Very good" Sikh recruits. The value for the Muslim community in the same district will be based on the share of tahsils Table 7 presents the results of the IV approach (using a LIML estimator). The first stage in Column 3 confirms the relevance of the instrument. In the IV LIML results, the coefficient on the casualty rate retains its significance in spite of large standard errors but its magnitude is substantially higher than for the OLS results. Of course, the instrumentation approach is only valid if the initial selection of recruitment grounds is exogenous. I cannot fully rule out the possibility that recruitment officers selected communities on criteria that led to subsequent literacy development. Hence, this robustness check mainly addresses the endogeneity concerns that relate to the proxy approach and endogenous selection into the army due to time-varying factors during the First World War. However, the IV results are consistent with attenuation bias being the main endogeneity concern.
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VII. Mechanisms
In this section I will present a set of secondary results that help to uncover the mechanism behind the main results. First, I show data on public education, the number of students, and the volume of letters. Then, I also show results on female and English literacy. All these additional results turn out to be consistent with an informal learning mechanism that benefited veterans directly.
A. Public Education, Students, and Letters
To investigate whether investments in education by the District Boards are driving my results, this section analyzes the role of education expenditures. These investments were specific to British districts and official statistics do not distinguish between religious groups. Two outcome variables are considered: total primary school expenditures and the number of native-language students enrolled in public and private schools. If recruited districts were successful in attracting more educational investment by the local authorities after the war, one would expect a positive effect on these expenditures. If military service created a demand shock for education, this should be reflected in the number of students. As school expenditure and student data are only available at the 34. Bingley (1899, p. 108) considers the tehsil to be the best unit of geographical targeting. The average suitability score is 0.19. 35. Moreover, I can check the sensitivity of the IV estimates using the method developed by Conley, Hansen, and Rossi (2012) . These results are presented in the online appendix (Figures 9 and 10 ) and confirm the robustness of the IV results to small departures from perfect exogeneity. district level, the variables of interest were aggregated at the district level instead of at the district-religion level. Table 8 relies on the main specification (now estimated at the district level) to examine the association between military war deaths and primary education expenditures.
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Column 1 of Table 8 shows that the evolution of spending on primary education bears little relationship to the proportion of military war deaths to the 1911 population. If anything, heavily recruited districts spent less on primary schooling after the war. This finding goes against the hypothesis that the colonial authorities targeted education spending to heavily recruited districts. To the contrary, the Government of India may have feared that too much educational investment in the recruitment zones could undermine the recruitment potential of these regions by improving the outside options of prospective soldiers. Column 2 presents a difference-in-difference analysis of student enrolment between 1914 and 1921 and shows a negative but nonsignificant impact of military recruitment on the number of students in vernacular primary schools (both in public and private education).
The hypothesis that public investment in education is not driving earlier findings is further confirmed in Table 9 . The findings from this specification are in line with earlier results, even though the analysis is now conducted at the district level. 44 In the odd columns, contemporaneous spending on primary education is included as a control variable. The even columns allow for initial investment in education (in 1911) and student enrolment rates (in 1914) to have a year-specific effect on literacy outcomes. This specification addresses the concern that recruited districts had already attracted preferential investments in education before the war. In Column 3 of Table 8 , I estimate the impact of military recruitment on the volume of letters. While this effect is positive, it does not gain significance. Unfortunately, the postal data are likely to be very imprecise, as they were based on annual samples of two weeks, and there is no data on the volume of letters sent during the war (which would be the key variable of interest). The most convincing evidence on the importance of the postal service is historical in nature, and the letters sent by Indian soldiers were referred to earlier in the mechanisms section.
In conclusion, the results on public expenditures on education indicate that education expenditures are unlikely to drive the positive relationship between military recruitment and literacy improvements after the war. Nevertheless, this analysis does suffer from certain limitations. The data collected on students does not distinguish between religions, nor do the data on schools. Not only do these limitations prevent me from disaggregating literacy as in earlier results, I also cannot explore the role of specific institutions such as Madrasas or Dayanand Anglo-Vedic schools (Jones 1976) , although these reached a very limited number of students (Nurullah and Naik 1951) .
The hypothesis that public investment in education is not driving earlier findings is further confirmed in Table 9 . The findings from this specification are in line with earlier results, even though the analysis is now conducted at the district level. 37 In the odd columns, contemporaneous spending on primary education is included as a control variable. The even columns allow for initial investment in education (in 1911) and student enrolment rates (in 1914) to have a year-specific effect on literacy outcomes. This specification addresses the concern that recruited districts already had attracted preferential investments in education before the war.
In Column 3 of Table 8 , I estimate the impact of military recruitment on the volume of letters. While this effect is positive, it does not gain significance. Unfortunately, the postal data are likely to be very imprecise, as they were based on annual samples of two weeks, and there is no data on the volume of letters sent during the war (which would be the key variable of interest). The most convincing evidence on the importance of the postal service is historical in nature, and the letters sent by Indian soldiers were referred to earlier in the mechanisms section.
In conclusion, the results on public expenditures on education indicate that education expenditures are unlikely to drive the positive relationship between military recruitment and literacy improvements after the war. Nevertheless, this analysis does suffer from certain limitations. The data collected on students does not distinguish between religions, nor do the data on schools.
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B. Female Literacy and English Literacy
The analysis can be extended to female literacy. In Table 10 , I present summary statistics for female literacy and male English literacy. The average level of female literacy is extremely low (around 1 percent). These very low literacy rates give rise to additional measurement concerns. Subject to this caveat, Table 10 presents the baseline results for female literacy. The estimated impact of military recruitment on female literacy is negative. This result offers support for the hypothesis that the loss of male labor increases the opportunity cost of women in education, although the estimated impact (evaluated at the sample mean) is negligible from an economic perspective. Still, the negative coefficients are consistent with a scenario in which direct skill acquisition by male soldiers is the key channel that explains improvements in male literacy in recruited communities.
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Literacy in English was marginal in colonial Punjab and well below one percent. While soldiers could have acquired literacy skills in English (Khan 1932, p. 216) , the lower level fighting units (companies of around 120 soldiers) were linguistically homogeneous and were led by Indian NCOs who spoke the same language. Even British officers were required to learn the Indian vernaculars of the troops they led (Corrigan 1999, p. 9). 37. Student enrolment data are available for 24 districts in 1921 (and not available after 1922). 38. These limitations also prevent me from exploring the role of specific institutions such as Madrasas or Dayanand Anglo-Vedic schools (Jones 1976) , although these reached a very limited number of students (Nurullah and Naik 1951) . 39. While the results on female literacy could be interpreted as a placebo test of the direct skill acquisition channel (which only should affect males), this interpretation is subject to an important caveat. Chaudhary (2010) finds that female literacy is less responsive to educational investments than male literacy. Hence, the differential impact on male and female literacy is not necessarily evidence against the income channel or supply-side channel. Besides, the provision of a postal service to serving soldiers could have spillovers on women.
Moreover, for soldiers, the personal returns to literacy should be much stronger for the vernaculars. Therefore, it is consistent with an informal learning mechanism that Table 10 (Column 4) does not uncover improvements in English literacy at the aggregate level.
C. Review of Mechanisms
The results presented in this section seem most consistent with direct skill acquisition through informal learning by serving soldiers. While the aggregate impact could include spillovers to wider community (as I do not observe the literacy among veterans), the magnitudes are consistent with improvements that are limited to soldiers. 40 There is . English literacy is measured for the total population. All regressions include district-religion fixed effects and religion-year effects. Standard errors are clustered at the district-religion level. *** p < 0.01, ** p < 0.05, * p < 01.
40. It is impossible to estimate the long-term persistence of the literacy gains. The Partition of India in 1947 divided Punjab, and it led to the migration and deaths of millions of people (Bharadwaj et al., 2008a, b) . As World War II veterans played a role in organizing Partition violence (Jha and Wilkinson 2013) and the migration affected literates differently (Bharadwaj et al. 2008b ), present-day outcomes cannot convincingly be linked to recruitment in World War I. some evidence of intergenerational spillovers but the effects for under-20-year-olds are imprecisely estimated. This imprecision could reflect the importance of unobserved factors in determining whether improvements in adult literacy also translate into intergenerational spillovers. 41 Further analysis suggested that recruited districts were not directly targeted by investments in education, nor is there evidence of stronger demand for education in the recruited districts. Moreover, the impacts did not extend to female literacy or literacy in English. All these findings are consistent with informal learning by serving soldiers. A clear limitation of this paper is that I cannot address to which extent these results are specific to wartime military service, and certain channels could be strengthened in this context although it is worth pointing out that soldiers typically live in military units, away from their families, even in peacetime. In support of this idea, Bingley (1899) discusses the positive impacts of military service on literacy well before the First World War:
[The Sikhs] who enter the army, manage after a time to acquire enough of the Gurumukhi character to invite a simple and not easily deciphered epistle to their homes, and to spell out, with difficulty, a similar effusion from their friends.
VIII. Conclusion
This paper exploits the exogenous increase in military recruitment during the First World War to estimate the impact of military service on human capital accumulation. My results suggest that ten additional recruits per thousand of the 1911 male population were on average associated with three more literate males per thousand in 1931 (at the sample mean). Further analysis indicates that the improvement in the human capital stock was mainly driven by informal skill acquisition. There is weak evidence that military recruitment also raised the literacy rate of children, in particular in 1931, but this result is not robust across specifications. However, no evidence could be found of preferential spending on primary education in heavily recruited districts nor do I observe an increase in the number of students at the district level.
There were high costs to the observed improvements in literacy. My estimates suggest that for every six additional literates per thousand one Punjabi soldier gave his life. The fact that volunteer soldiers made this implicit tradeoff is suggestive of harsh economic conditions. It also highlights limitations of the current paper, which cannot measure long-term health outcomes for veterans.
During World War I, the Indian Army provided an environment in which the personal returns to education (including the ability to communicate with one's family) were boosted and the costs of acquiring literacy skills were reduced. Although written letters may have lost importance, present-day soldiers still could have incentives to learn to read and write for leisure or for communication with their families. Also, armies still 41. For completeness, it should be pointed out that the causal effect could entirely be driven by nonveterans. The effect could even be indirect: If the temporary absence of aggressive men encouraged the remaining men to pick up literacy skills, they could account for the observed impacts. While this interpretation appears farfetched, it cannot be ruled out based on the empirical findings.
could offer access to low-cost learning methods and a social environment that is conducive to learning. It is intuitive that these channels are most powerful in a context of underinvestment in public education. While the context of wartime recruitment in colonial Punjab is extraordinary, this paper is one of the first to estimate the returns to professional military service when average literacy is very low. Without claiming the generalizability of my findings to present-day examples, it is interesting to note that certain countries are still characterized by high recruitment into professional armies and very low average human capital levels. This is the case of Afghanistan, where 80 percent of the Army recruits are thought to be illiterate, or Ethiopia, where 40 percent of army recruits reportedly lack any education. 42 Geographically closer to the context of this paper, military recruitment policies are regularly discussed in the Indian Parliament. The idea that army recruitment could be a tool for redistribution often emerges in these discussions. Times have changed dramatically since World War I but in colonial Punjab at least military recruitment brought (unintended) educational benefits.
